(1) Communities of herbivorous insects feeding on the above-ground parts (Pteridium aquilinum (L.) Kuhn) were compared at matched open and woo the north of England (Skipwith Common) and the Sacramento Mountains (Sierra Blanca).
study areas were in the Sacramento Mountains, close to the summit of Sierra Blanca (Fig.  3) , between 2440 and 2500 m. Two sites were studied throughout the spring and summer of 1979. The first (Plate lb), chosen to match the Skipwith open site, was a dense stand, 1500 m2 in area, growing in a grassy meadow; it had a mean frond density of 17.8 m-2 (95% confidence intervals + 1-0). Hence this site was slightly smaller, and had a lower frond density than the Skipwith open site. The second was a woodland site, and consisted of extensive areas of scattered fronds under mature forest, mainly Gambel oak (Quercus gambelii Nutt.) and ponderosa pine (Pine ponderosa Dougl.). The scattered woodland fronds varied markedly in density and distribution from place to place both in England and in New Mexico, but the overall appearance and distribution of the bracken was similar in both areas.
Summarizing, the paired open and woodland sites at Skipwith and Sierra Blanca were as similar as one might reasonably expect to find on two different continents 8000 km apart, in climate, the size and density of the bracken patches, and in the growth and size o individual fronds (Fig. 4) . Differences between the matched sites on the two continents, in area and frond size, were too small to have major effects on community diversity (Rigby & Lawton 1981; Lawton 1982 ). Skipwith (1980) . Frond size is calculated by treating the blade of the Means of loge area + 95% confidence intervals are shown. Frond growt Sierra Blanca than at Skipwith, and earlier in the woodland than in t
Supporting surveys
Since 1971 bracken has been sampled at 148 sites throughou , 1978a ,b, 1982 Lawton & Eastop 1975) (Fig. 5) . A 1979 in the south-western U.S.A. are shown in Fig. 6 . I visite bracken grows in southern and western New Mexico, and a r the eastern half of Arizona. Most sites in Britain were visite more than once (Fig. 6) , with collecting dates scattered haph season. Discrete patches of bracken, with an area of 100 m2 for sampling. At each locality bracken was surveyed by exam but usually more, randomly collected fronds, and by careful looking for insects and signs of damage.
Sampling the insects
Bracken at Skipwith and Sierra Blanca was sampled by care and counting the insects or their galls and mines by eye, and to look for miners. The rachis below the ground, and rhi every sampling occasion at Skipwith and Sierra Blanca it was counting the insects on twenty or more fronds, to make gen carefully through the bracken examining the upper and touching them, and to look for signs of damage, flying adults these methods are known to be very effective (Lawton 1976 The host plant A major assumption of the present study is that differences between the bracken itself are not sufficient to account for between-continental differences in bracken herbivores. It would be foolish to suggest that bracken in both areas is identical. The most authoritative taxonomic treatments by Tryon (1941) and Page (1976) , show that plants in Arizona and New Mexico are referable to P. aquilinum, subspecies aquilinum, variety pubescens. To my eye they differ perceptibly but very slightly from British Pteridium (which is the same subspecies-aquilinum-but a different variety-aquilinum) in the angle of attachment of the pinna to the rachis, and in the colour of the frond-hairs and extrafloral nectaries.
Otherwise plants from the two areas are identical to look at, as indeed one might expect for two different varieties of the same subspecies.
RESULTS

The number of species in each regionalpool
The first prediction (page 574), namely that there would be few bracken-feeding insects in New Mexico and Arizona, was confirmed.
were recorded in New Mexico, and two more just over the border in Ari marked contrast, thirty-nine species of herbivorous insects were listed above and below-ground parts of bracken in Britain by Lawton (1976 were then, and still are, of extremely uncertain status. Since this list w have been a small number of taxonomic revisions, summarized in Table 2 in the context of the present study is the fact that the British data dra 'entomologist-years' than do data for the south-western U.S.A. Acco recognizes five categories of British bracken insects of which the most im group of twenty-seven species: the maximum number of species definit probably feeding on the above-ground parts of the plant in Britain is th Robinson (1980) & pers. comm. Criomorphuspteridis in Lawton (1976) This synonymizes two species in Lawton (1976) ; see Benson (1968) , Fitton et al. (1978) Caterpillars not yet reared successfully, and hence cannot be associated with species in Lawton (1976) Recorded as possible only-Mamestra oleracea in Lawton ( Misnamed in Lawton (1976 Lawton ( , 1978a Reference to 'flavipennis' in these accounts should be to C. albifrons bracken-feeding insects almost certainly remain to be disco Arizona. But the large differences in species richness between B south-west is not an artefact of sampling effort. In routine sur comparable in effort and intensity to those carried out in Ameri all, or virtually all, the twenty-seven core species listed in Tabl used to sampling bracken in Britain, the paucity of insects i was remarkable. The inescapable conclusion must therefore be t the American south-west contains only a quarter (7 v. 27) of th plant in Britain.
These data are not only in qualitative accord with expectat relationships (prediction (i) page 574) (Connor & McCoy 1979 they are also in reasonable quantitative accord. The calculations New Mexico only, because data on the altitudinal distribution of area over which it grows, are more reliably known for New Mex Bracken in New Mexico grows extensively in a well-define 9500 feet (2440-2900 m), the total area of land in the state betw being 17 549 km2 (calculated from the 1:500 000 map of the does not grow continuously between 8000 and 9500 feet. But it within this band, and I never found bracken growing outside th despite extensive searches. The equivalent land-area over which of the order of 230 000 km2 (Page 1976; Rymer 1976; Perring & We may now use the number of species found on bracken expected number of species on bracken in New Mexico, gi relationships of the form S = cAz, or (S + 1) = cAz, where c and given the number of species of insects feeding on the plant in Britain (SI) (from Table 2 ), the sizes of the geographical ranges of the plant in Britain and New Insect communities on bracken and the fact that possibly suitable areas in the northern part of the state were not surveyed, the observed number of species in New Mexico (5, possibly 7 if the two species from just across the border in Arizona are included) is in reasonable agreement with the predicted numbers, which lie in the range 5.2-12-5.
Species number and patterns of occurrence at the open and woodland study sites Three species of bracken herbivores were found on the open site at Sierra Blanca, with five in the woodland (Table 1) . This contrasts markedly with a total of twenty-two species and sixteen species recorded at Skipwith in the open and woodland areas respectively (Tables 2, 5 ).
Not all twenty-two species recorded at Skipwith on the open site have been found there every year. Data on year-by-year occurrences are summarized in Table 5 . Similarly, one species has apparently entered, and one disappeared from, the woodland site over the two years that it has been studied ( Table 5) . How many such absences represent genuine The typical seasonal distribution of species at Skipwith is summarized in Fig. 7 . Data on patterns of occurrence of the individual species in New Mexico are displayed in Fig. 8 , giving the seasonal distribution of species summarized in Fig. 7(a), (b) . Clearly, the number of co-occurring species at Skipwith, in both the woodland and open areas is usually much higher throughout the growing season than it is at Sierra Blanca. These data are in complete accord with prediction iib (page 574). (iv) Gall-formers do likewise, but induce galls. They do these four things to different parts of the plant, attacking the pinnae ('leaves'), the rachis (main stem), costae (main stalks of the pinnae, arising from the rachis), or costules (main 'leaf veins' of the pinnae). Figure 9 shows the occupied resources according to this classification, for the open and woodland sites on the two study areas. It is clear from Fig. 9 that there are a large number The only data which might conceivably be interpreted as a niche expansion, contradicting prediction iii, are shown in Fig. 10 . Unlike any of its British analogues, the single species of New Mexico sawfly, Eriocampidea arizonensis (Ashmead) has two generations a year (Smith & Lawton 1980) , whilst the guild of six species at Skipwith have one generation each (Fig. 10) , overlapping through time. Having two generations a year could be a response to an absence of competitors, favouring an expanded 'temporal niche'. Notice however, that the single generation of each species at Skipwith tends to be much more spread out than the two extremely tight generations shown by Eriocampidea at Sierra Blanca.
A testfor density compensation
Contrary to prediction iii, Janzen (1973) inferred that because 'all parts of an individu plant are connected through the medium of its resource budget', insects feeding on that plant 'automatically compete with all other species' on the same plant. Hence, if Janzen i correct, each individual species at Skipwith should on average be rarer than those at the faunally impoverished New Mexico sites: that is, the New Mexico species should sho density compensation (e.g. Cody et al. 1977; MacArthur, Diamond & Karr 1972) . A small but growing body of evidence suggests that other communities of plant-fe insects are, in similar vein, unsaturated with species (Lawton & Price 1979 ; Pric By this I mean that totally unutilized or partly utilized resources are a conspi feature of most plants. Some common and widespread temperate region Umbellifera example, lack leaf or stem miners (Lawton & Price 1979) , whilst close relatives s three or more species. An identical situation pertains in the foliage-chewing guild (Slansky 1973) . Obviously, the problem with comparing different species of plants is simply one of knowing whether unutilized or underutilized resources are really available and hence constitute vacant niches. Comparisons based on the same species of introduced crop plants on different continents would appear to get round this difficulty, and again reveal obvious underexploited or unexploited plant parts, heavily utilized on one continent but little or not at all on another (Bournier 1977; Chiang 1978; Turnipseed & Kogan 1976) .
Crop plants, of course, are by definition artificial. The data for bracken presented here therefore provide the most direct test possible for the hypothesis that natural assemblages of phytophagous insects are not saturated with species, short of moving insects or plants from one continent to another.
Bracken in other parts of the world has not yet been sampled in detail, except in Papua New Guinea where it is common, widespread and well studied (Kirk 1977 (Kirk , 1980 ). Kirk's data are summarized in Lawton (1982) . Bracken in Papua New Guinea supports a quite different suite of insect herbivores, in particular a large and varied guild of rachis miners, much richer and quite unlike anything seen in Europe or North America. Hence, there are no reasons for believing that British bracken communities are themselves saturated with species. Moreover, there are no signs that bracken communities in different parts of the world are constrained in their detailed patterns of niche occupancy, or that they converge in structure (Lawton 1982) . Tentative suggestions (Lawton 1978a ) that the proportion of insects in major feeding groups (gall-formers, miners, chewers and suckers) may prove to be relatively constant have not been borne out by more detailed studies.
The impoverished nature of bracken communities in the south-western U.S.A. leads neither to clear niche expansion nor to obvious density compensation by component species. Such data are entirely consistent with the notion that interspecific competition between phytophagous insects is relatively rare and feeble, both in general (Price 1980; Lawton & Strong 1981) , and for bracken insects in particular (Lawton 1982) . However, they strongly contradict Janzen's views on the same subject (Janzen 1973) . There are two possible exceptions to this scenario, both enigmatic. First, Eriocampidea arizonensis has two generations a year whilst all the British sawflies have one. This might be interpreted as a classical case of niche expansion by Eriocampidea, but since there is no accompanying density compensation, and since it actually occurs over a narrower time-span than any British species despite having two generations, it is a difficult argument to sustain. Most likely, having two generations is coincidence. None of the other American, bracken-feeding species with discrete cohorts show it, and there are some non-sawfly, bracken-feeding species in Britain with two generations a year, even though similar species all have one (e.g. Olethreutes lacunana, Denis & Schiff.; Lawton 1978b) . I therefore see no particular significance in this case of apparent niche expansion.
Similarly, one species with higher peak numbers than its British congener on the open site, but not in woodland (Macrosiphum clydesmithi compared with M. ptericolens) does not constitute a strong case for density compensation. In common with other aphids, differences between years and sites in climate and the effects of natural enemies are as likely to account for fluctuations in Macrosiphum numbers as competitive interactions via the food supply (see, for example, Dixon & Barlow 1979; Root & Gowan 1978; Sanders Insect communities on bracken biochemically different and hence more toxic than British bracken; or that different natura enemies, the known small differences in climate, or a plethora of other possibilities exclud wholesale, bracken herbivores from that area. Certainly, bracken is not biochemicall uniform throughout its world range (Cooper-Driver 1976; Cooper-Driver et al. 1977 Gliessman 1976 Jones 1982) . But the variation that has been detected is not large-it involves no new, or startlingly toxic compounds, for example-and in this and all other regards, like natural enemies or climate, it is difficult to think of good general reasons wh because of them, the plant should be so much more species poor in New Mexico and Arizona than it is in Britain. In short, I think legitimate worries about climate, enemies or plant chemistry are arguments about 'second order' effects (of the kind producin differences between woodland and open areas within a continent, for example). As such, they may modify, but are not primarily responsible for, major differences in faun richness between geographical regions.
Cynics will, of course, remain unconvinced until the New Mexico fauna is enhanced by the introduction of appropriate bracken feeding species into apparently vacant niche Unfortunately, but understandably, this experiment cannot be done in practice. Th reverse experiment, of growing New Mexico bracken in Britain, has not yet been carried out, but is an obvious next step.
The most obvious and general explanation for the small number of species found o bracken in New Mexico and Arizona is that it is a simple species-area phenomenon Indeed, the average value for z (where the number of species, S, is related to area o habitat, A, by S = cAz) for nine studies of insect-plant associations over a geographic scale (z = 0.64: Table 3 ) generates an extremely good prediction for the number of species expected on bracken in New Mexico (between 5.2 and 6-7), compared with an observe number of 5-7, given the sizes of the areas within which bracken grows in New Mexico and Britain, and the number of insect-species found on the plant in Britain. Other, plausib values for z give predictions within a factor of two of the observed value. Limited data o bracken insects from others parts of the world appear to confirm the existence of significant species-area relationship for the numbers of kinds of insects found on the plan in different geographical regions (Lawton 1982) . Hence, although species-area relation ships for bracken herbivores on a geographical scale require more study, the available dat point strongly to the area occupied by bracken as being an important determinant of the size of the regional species-pool.
Explanations for the existence of geographical species-area relationships for phytophagous insects are reviewed. amongst others, by Cornell & Washburn (1979) ; Strong (1979) ; Rey, McCoy & Strong (1981) and . Here it is sufficient to note that widespread host plants experience-different climatic regimes and grow in different habitats, in different places, with the inevitable consequence that a more widespread plant is more likely to be colonized by different species of insects in different parts of its range. The effect can be seen even within the restricted bracken-fauna of the south-western states, with two more species apparently feeding on the plant in Arizona than were found in New Mexico. The distribution of the British bracken fauna is more complex, with mapping still in progress, but again some species are apparently absen large parts of the country (Lawton 1976 and unpublished data) . Such effects are su to generate species-area relationships.
Species-area relationships, of course, are not static: as plant-ranges expand herbi are recruited and as ranges contract, herbivores become extinct (Lawton et a Strong 1979) . Hence it is conceivable that part, or all, of the contemporary differ 592 between communities of bracken herbivores in Britain and the south-western U.S.A. might be transitory, the results of past range-changes by the plant yet to be fully reflected in the fauna. If so, the most likely trend will be for the difference in species richness to become larger than at present, not smaller. In Britain, bracken has undoubtedly become much commoner within historical times (Page 1976; Rymer 1976) . Its history within the American south-west is unknown, although the plant communities with which it is typically associated suggest that increasingly xeric conditions now confine it to a higher altitude and a more restricted range than formally (Van Devender & Spaulding 1979; T. R. Van Devender, pers. comm.) .
Furthermore, there are few signs of an aggressive, recent, increase in the abundance of bracken in the American south-west, on a scale familiar to British ecologists. Hence, if past range changes have not yet been fully reflected in the gain or loss of insect-species, contemporary differences between the faunal diversity of bracken in New Mexico and Arizona, compared with Britain, might be expected to increase rather than to decrease in the future.
Finally, the apparent existence of numerous vacant niches, partially used resources, and absence of density compensation on a plant like bracken implies that asymptotic colonization over time (Banerjee 1981; Strong 1974a Strong , b, 1979 Strong, McCoy & Rey 1977 ) to some characteristic number of species determined by size of geographical range must be due to the pool of potential insect-colonists being exhausted, rather than to all available resources being utilized. That is, the present data for bracken are consistent with a 'pool-exhaustion' hypothesis for asymptotic colonization curves by phytophagus insects, but refute 'niche saturation' models (Lawton & Strong 1981) . The same point was made
by Lawton & Price (1979) and by Price (1980) who argue that diversity in most phytophagous insect communities is nowhere near the potential maximum set by limits on niche-overlap, and interspecific competition. In brief, phytophagous insect communities often (though obviously not always) appear to be unsaturated, and hence are conspicuously different from the tightly packed communities discussed in many ecology testbooks, dominated by studies of vertebrates (Cody & Diamond 1975; Hutchinson 1978; MacArthur 1972; May 1981) , and the ecological theories derived therefrom. We urgently need more studies of phytophagous insect communities, specifically designed to examine this apparent dichotomy in greater detail.
